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气相色谱 - 电子轰击离子源质谱联用法 (gas 
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1.2　GC-EI/MS 分析条件
GC 分 析 条 件：VF-5 MS 石 英 毛 细 管 柱
（30m×0.25mm，0.25μm）； 载 气 为 高 纯 He（纯
度 ＞ 99.999 %）；升 温 程 序：80 ℃ 保 持 1.0min，以
20℃·min-1 升至 200℃保持 1.0min，以 10.0℃·min-1




MS 分 析 条 件：EI 源 温 度：230 ℃ ；接 口 温 度：
250℃ ；离子化电压：70eV；灯丝发射电流：60μA；检
测器电压：1.08kV；溶剂切除时间：3.0min；质谱全扫





25mL 顶空瓶，加入 10mL 的正己烷 - 丙酮（体积比
1∶1）混合提取剂，浸泡 30min 后密封顶空瓶，置
于加热搅拌仪器上加热使其温度达到 60℃，插入
SPME 柱子，平衡 15min 后测定。
2　结果与讨论
2.1　刺柏挥发性成分的定性分析
利用 HS-SPME 和 GC-EI/MS 联用技术，对刺柏
中的香气成分进行定性分析，得到的总离子流色谱
图和详细色谱图分别如图 1、图 2 所示。











图 1　刺柏挥发性成分气相色谱 - 电子轰击离子化 - 质谱的总离子流色谱图
































































































































































































№ 名称 保留时间 /min 面积浓度 /%
1 可巴烯 2.94 2.92
2 α-柏木烯 0.76 0.75
3 榄香烯 6.22 6.74
4 α-柏木萜烯 6.53 6.49
5 喇叭茶醇 6.87 6.83
6 α-柏木烯 1.88 1.87
7 罗汉柏烯 0.89 0.88
8 C13H22O 1.51 1.50
9 α-石竹烯 3.67 3.65
10 蛇床烯 1.14 1.14
11 α-依兰油烯 3.71 3.69
12 d-毕橙茄烯 8.08 8.03
13 β-毕橙茄烯 10.10 10.06
14 异长叶烯 2.52 2.51
15 α-白昌考烯 2.16 2.14
16 榄香醇 3.73 3.70
17 萘烷 1.38 1.38
18 环氧石竹烯 0.83 0.83
19 D-α-雪松烯 5.72 5.69
20 蛇麻二烯醇 2.64 2.63
21 雪松醇 3.94 3.92
22 D-β雪松烯 3.08 3.06
23 杜松醇 1.50 1.49
24 4- 异丙-1,6- 二萘 3.05 3.03
25 环氧石竹烯 2.40 2.39
26 毕橙茄油烯醇 1.17 1.17
27 C15H22O 0.85 0.85
28 C16H14O4 1.03 1.02
29 桃柁酚 0.80 0.79
30 C22H30O2 3.22 3.20
31 C21H30O2 5.68 5.65
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Analysis of Juniper by Headspace Solid Phase Microextraction Coupled 
and Gas Chromatography-Mass Spectrometry
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Abstract: Headspace solid-phase microextraction(HS-SPME) combined with gas chromatography-mass spectrometry(GC-EI/
MS), provided a new method for the analysis of volatile components of juniper. After sampled the juniper powdered, HS-SPME 
was used to capture aroma components, then qualitative analysis of aromatic compounds could be done by GC-EI/MS. The relative 
mass fraction of each component was calculated by area normalization analysis. From the research, we found juniper had complex 
chemical composition, with 31 kinds of volatile components identified. This method was useful in analyzing the juniper’s volatile 
substances and in promoting further developments of juniper.
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Study of Solid Acid Catalyst for Friedel-Crafts Acylation Reaction
LIU Ya′nan，TAN Donhan，SHI Xianju，YANG Hefeng
(School of Energy and Chemical Engineering, Puyang Vocational Technology College, Puyang 457000, China）
Abstract: The research and application status of solid acid catalysts for Friedel-Crafts acylation reaction in recent years was 
reviewed. The advantages and disadvantages of each catalyst were analyzed and the market values were evaluated. The supported 
Lewis acid, zeolite molecular sieve, solid superacid and heteropoly acid were emphasis summarized. It was of great significance to 
study the Friedel-Crafts acylation reaction with solid acid catalyst instead of traditional Lewis acid.
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